Article abstract-We recorded saccadic eye movements in patients mildly affected with Huntington's disease. Most showed an increase in saccade latencies that was greater for saccades made on command than to the sudden appearance of a visual target. Al1,patients showed excessive distractibility during attempted fixation. They had particular difficulty suppressing a saccade to a suddenly appearing visual target when simultaneously trying to initiate a saccade in the opposite direction. Our results are compatible with a posited role of the basal ganglia in both the initiation of volitional saccades and in the maintenance of fixation. Saccade abnormalities-especially distractibility-are sensitive but probably not specific indicators of Huntington's disease. Ocular motor abnormalities have long been recognized in Huntington's disease (HD); slow saccades and difficulty in initiating saccades are clinically the most conspicuous findings.' Recent studies have also described a type of fixation instability in HD termed "distractibility."2-4 Patients with HD often glance at visual targets that suddenly appear in the periphery even when specifically instructed to maintain straight-ahead gaze and to ignore the appearance of extraneous stimuli.
The precise pathophysiology of the various eye movement disorders reported in HD is not known,5 but possible mechanisms for the initiation and the distractibility deficits are suggested from physiologic and pharmacologic studies of neural activity within the frontal eye fields (FEF), caudate nucleus, substantia nigra-pars reticulata (SNPR), and superior colliculus ( SC)."-1° These studies suggest two important organizational features of the higher level, cerebral control of saccadic eye movements. First, saccades can be divided into two major classes: reflexive (externally triggered, automatic) and volitional (internally initiated, self-willed). An example of the former would be a saccade in response to the sudden appearance of a peripheral visual stimulus; of the latter, a saccade, on command, to a peripheral visual stimulus that had been present in its location for a period of time. Second, the SNPR, by exerting a tonic inhibitory influence upon the SC, can gate reflexive and volitional saccades generated via the sc.
The SC is thought to be the primary relay by which cerebral commands for saccades-including those corning directly from the FEF-are passed to the brainstem circuits that generate immediate premotor saccade commands.6-Y There are also direct projections from the FEF to premotor areas in the brainstem reticular formation, but their role in the initiation of saccades in the intact individual is unknown. The FEF also modulates activity in the SC indirectly, via a caudate-SNPR-SC pathway. This modulation may not initiate eye movements, but rather "gate" activity (which is encoding the direction and amplitude of saccades) that converges upon the SC from other sources. It is also known that the caudate can inhibit the SNPR,l0 just as the SNPR inhibits the SC. Thus, excitation of the caudate could inhibit SNPR which, by increasing firing in the SC, could facilitate or "permit" participation of the SC in generating saccades in response to specific types of stimuli. In particular, it appears that the generation of the more volitional, as opposed to the more reflexive, types of saccades depends more upon the FEF and basal ganglia.I0J1
Finally, fixation too appears to depend upon these FEF and basal ganglia pathways. Inhibition of the SC by the SNPR would help prevent reflexive saccades to, for example, suddenly appearing novel visual stimuli. Likewise, the FEF, either by direct projections to the SC or via caudate-SNPR pathways, also seem important for maintaining steady fixation, since lesions in the frontal lobes lead to excessive distractibility.'?
These ideas would lead to the prediction that patients with lesions in the basal ganglia or frontal lobes would show selective deficits in the initiation of volitional versus reflexive saccades, as well as excessive distractibility. The former abnormality might arise from involvement of the frontal lobes or caudate, while the latter might reflect involvement of the SNPR. Accordingly, we quantified saccades in patients with HD, using a set of testing paradigms specifically designed to detect such abnormalities. We did, indeed, find that their saccade initiation defects were more marked for volitional saccades and, with the appropriate testing paradigm, all patients showed excessive distractibility. recorder (band width 0 to 70 Hz). Subjects were seate in front of an arc (radius, 123 cm) that contained an array of light-emitting diodes (LEDs). Head movement was restricted with a chin rest. Except for the LEDs, all recordings were performed in complete darkness. The presentation of target stimuli was controlled by a PDP 11/73 computer system.
Methods
Testing paradigms. Saccades were elicited in four behavioral paradigms. In each paradigm, the trial began with fixation of a LED located at 0". At a random time (1,400 to 2,400 msec), direction (right or left), and amplitude (10,20, or 30"), one of the peripherally located LEDs was illuminated. In each paradigm, a cue consisting of the offset of the center fixation LED coupled with a nonlocalizable 100-msec auditory beep signaled the time to initiate a saccade. For each testing paradigm, 60 trials were elicited.
Paradigm NS (nouel stimulus). The peripheral LED was illuminated and, simultaneously, the central fixation LED was extinguished and the beep sounded. This paradigm tested the ability of the patient to initiate saccades to a suddenly appearing visual stimulus.
Paradigm CS (continuous stimulus). The peripheral LED was illuminated, but the patient was instructed not to make a saccade to it until the cue occurred (1,000 to 1,800 msec). This paradigm tested the ability of a patient to both suppress a reflexive saccade to a suddenly appearing visual target and to make a saccade on command to a continuously visible target.
Paradigm RS (remembered stimulus). This paradigm was identical to paradigm CS above except that after the peripheral LED had been illuminated for 1,500 msec, it was extinguished; then, 1,000 to 2,000 msec later, the cue occurred. This paradigm tested the ability of a patient to both suppress a saccade to a suddenly appearing visual target and to make a saccade on command to the remembered location of a visual target.
Paradigm M S (mirror stimulus).
This paradigm was a variation of the "antisaccade" task.' A peripherally located LED appeared, and at the same time, the central fixation LED was extinguished and the beep occurred. The patient was instructed to make a saccade to the mirror location opposite to that of the illuminated LED. The LED was extinguished 750 msec later, and another LED, in the mirror location (where the patient was supposed to make the saccade), was illuminated. The patient then made any corrective saccades necessary to fixate the target. This paradigm tested the ability of a patient to both suppress a saccade to a suddenly appearing visual stimulus and to initiate, simultaneously, a saccade in the opposite direction.
Data analysis. Saccade latencies were determined by hand from records run at high speed that allowed a resolution of 10 msec. For paradigms CS and RS, latencies for reflexive saccades (made inappropriately when the peripheral LED first appeared) and for volitional saccades (on cue) were determined. The percentage of trials in which an inappropriate reflexive saccade occurred was noted (distractibility index). For paradigm MS, latencies were determined for the first saccade in each trial and then separated into two groups depending upon whether or not the saccade was reflexive, to the LED, or volitional, away from the LED. The percentage of trials in which an inappropriate reflexive saccade occurred was also determined.
Clinical data. Twenty patients with HD and 22 comparison subjects were investigated. The clinical data on the patients with HD are summarized in table 1. The ages ranged from 17 to 65 years with a mean of 40.4 years. The HD patients were minimally to mildly affected with respect to both cognition and motor performance. Mentation was evaluated with the Mini-Mental e~aminati0n.l~ The comparison group consisted of 10 normal individuals (nos. 1,2,35 to 38, and 50 to 53), 8 patients with Gilles de la Tourette's syndrome of whom 5 (nos. 7, 8, 10, 11, and 14) were taking neuroleptic medications, and 4 subjects (nos. 3 to 6) with developmental dyslexia. Ages of the comparison subjects ranged from 13 to 69 years with a mean of 32.4 years. the other hand, latencies for the volitional responses in both the MS and CS paradigms were similar to each other (526 f 136 msec and 463 f 81 msec, respectively), and both much longer than the latencies for the reflexive saccades in all the paradigms. Distractibility. A distractibility index (incorrect responses/number of trials) was calculated for the CS and RS paradigms. A response was incorrect if the subject made a saccade when the peripheral LED first appeared, rather than waiting for the cue. In the CS paradigm, the distractibility index was 6.4 k 4% (n = 22) for the comparison group and 29.9 f 18.8% (n = 20) for the HD group. In the RS paradigm, the distractibility index was 5.9 f 8.0% (n = 19) for the comparison group and 33.0 k 23.4% (n = 18) in the HD group. In each paradigm, the percentages for each group were significantly different (p < 0.005). Furthermore, in the HD group there was a moderate correlation between the distractibility index for the CS paradigm and the latencies for the correct, volitional saccades in the CS paradigm (r = 0.55). There was no such correlation in the comparison group (r = 0.10).
Results. Saccade initiation deficits.
Figure 2 compares individual distractibility indexes for the comparison and the HD groups in the CS paradigm. Again, there were considerable individual differences within each group although the overall difference between groups was large. For example, one comparison subject (Gilles de la Tourette's) had a 30% distractibility index while one HD patient had a distractibility index of only 3 %.
Distractibility was also assessed in the MS paradigm by calculating the percentage of trials in which the subject inappropriately made a saccade toward the target rather than to its mirror location. Figure 3 shows a typical record in which the subject incorrectly makes a reflexive saccade. Note that the patient understands the task-she is aware of her mistake-and makes the appropriate antisaccade before the target appears in the location to which she was supposed to look. The percentage of incorrect responses was 16.8 k 10.0% (n = 11) for the comparison group and59.9 f 20.2% (n = 12) for the HD group. These values were significantly different (p < 0.005). No patients with HD made fewer than 20% errors, and the two comparison subjects that did make more than 20% were older, ages 53 and 66 years. Figure 4 compares the distractibility indexes for both the CS and the MS paradigms among individual subjects in both the comparison and in the HD groups. The results emphasize the striking difficulty that HD patients had in correctly performing the antisaccade task.
Discussion. Pathophysiology of saccade abnormalities in HD. All our HD patients showed some type of abnormality of saccadic eye movements. We doubt that medications, age, or dementia alone were respon- sible for the findings, since ocular motor abnormalities were found in young patients, in patients not taking any medications, and in patients without dementia. Most HD patients showed a defect in the initiation of volitional saccades. They had greatest difficulty with tasks that required a saccade without benefit of the sudden appearance of a visual stimulus in the location to which the saccade was to carry the eye. On the other hand, the ability to produce relatively reflexive, externally triggered saccades was largely intact. The occurrence of such a disparity in saccade function in patients with HD-who presumably have lesions in the caudate and SNPR-is compatible with the posited role of the basal ganglia in the cerebral control of voluntary saccades. 15 Our patients also showed deficits in the suppression of reflexive saccades. Their excessive distractibility is exactly what one would predict from the physiologic and pharmacologic studies that have demonstrated the inhibitory control of the SC by the SNPR. But since other areas of the brain, including the cerebral cortex, are abnormal in HD, we cannot be sure that either our patients' defects in saccade initiation or their distractibility solely reflects basal ganglia dysfunction. Furthermore, while the degree of distractibility in the CS paradigm and the magnitude of the defects in the initiation of volitional saccades were roughly correlated with each other, there were individual exceptions. Thus, it'is 368 NEUROLOGY 37 March 1987 conceivable that the initiation and the distractibility deficits reflect lesions in different parts of the nervous system.
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Sensitivity and specificity of ocular motor.abnormalities i n HD. While most of the HD patien'ts had some type of abnormality in the saccade initiation tasks, there was some overlap between the comparison and the HD groups. Distractibility in the CS and RS paradigms was also a common finding, but again there was some overlap between the comparison and the HD groups. In contrast, the greatest difference between the comparison and the HD groups was in the percentage errors in the MS paradigm. Thus, excessive distractibility in the antisaccade task appears to be a sensitive index of ocular motor dysfunction in patients with HD.
It appears that excessive distractibility can be best revealed when one saccade must be programmed at the same time another is to be suppressed. Preventing a saccade in the CS and RS paradigms is probably easiest, since only a global suppression of saccades is required when the peripheral target first makes its appearance. In the MS paradigm, a more complicated and more specific behavior is required: suppression of saccades to one location but not to another. This task presumably requires selective inhibition of activity in one SC but not in the other. A more challenging task, and one that might be even a more sensitive index of pathology, would be for a patient to suppress a saccade toward a target in one quadrant of the visual field and, at the same time, to initiate a saccade toward a symmetric location in the other quadrant of the same visual hemifield. This would require both inhibition of one part and facilitation of another part of the same SC.
While the pattern of defects in saccade initiation and the excessive distractibility were prominent among our HD patients, we are not able to conclude that such findings are found only in patiehts with HD. Saccade latencies, in general, have been reported to be prolonged in a variety of neurologic conditions, including either focal brain lesions or diffuse degenerative processes such as Parkinson's and Alzheimer's disease^.'^-'^ What has not been measured previously, though, is latencies for saccades made in different behavioral contexts.
Distractibility, too, is unlikely to be found only in patients with HD. Patients with focal lesions within the frontal lobes" or with diffuse dementing illnesses such as Alzheimer's diseaseIg have been reported to show excessive distractibility. We doubt, however, that dementia alone accounted for either the distractibility or the saccade initiation deficits in our HD patients, since the cognitive impairment in most patients was so minimal.
